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STRUCUAL Ci{I' ACT-RISTICS OF VIP--AJ NUCLEIC ACIDS

;. tho tr-anslaton or an article by F. L.
.. e3..,v, Laboratory of bioci-mistny, Institute of
.re.- :..,- D .- IvanovCkiy ALWI USSR, Moscowv, pub-

.... L .. u.an .ant;I.uGo poeriodical Vopro-.",
V. . :.o o" - , V'oogy) iiJ12 o It

*;-. umikte on 4 Feb 196.J

!:. ruccr.t yoar - considorable succesces have boon achieved in
theo s tu<2 ~of c. omitry of viral nucleic acids. Thoro was special

.ntora; .1n courir, up the conjectural peculiarities of the structure
of the hereditary ubstance (DNA or RijA) of the virus ad an intra-
cellular parasite, as a result of which the nucleic acid of the virus,

it eno'.r into the cell, suppressos the function of host
genonne and cuusos a shift of cell metabolism to the side of individual
coraponnts of virus particles.

.he rminizam volumc of viral suspension necessary for a physico-
ohemical study of nucleic acids of viruses comprises several tens of
liters with a particle content of 109 in 1 mi. With the help of
methods of difforentia" centrifuginG, ion-bxchan-e chromatography,
treatment with appropriate enzymes, and a number of other nothoda
*t is possible to obtain highly purified suspensions of viruses which
are suitable for the isolation of nucleic acids.

Ct the same t Lm-viral nucleic acids have a number of adv'antages
over tissue. First of all '.in viruses there i no diverse nature of
nucleazo, v:nich makes it poss ble to obtain preparations of nucleic

acid in a highly native state. i.ioreovex%, lator works , dealing with
the or-nization of chromosomies in animal tissues g, testify that
in the ;..ak-u2p of a chromosomo there is only one molecule of DNA,
the len.kh of ""',ich may roach several i.llimoters and molecular
weit - 13'as of bllions. It is natural that it is hardly possible

to obta.in preuarations of native DNA with such dimensions. The
molecular weight of viral nucleic acids does not exceed 120--150
maillion. and if a .number of procautions are observed-it is possible
to obtain a molecule of viral nucleic acid with the minimum amount
of d1a1gos.

Th _.. succezs in t' study of the chemistry of viral
nucleic acids wore connected with bacteriophases. In them many qual-
itative viaion were detected in the co:aposition of nucleic acidsa.
Fir.t of all tho D2 A of T-evon pIaZes coitain other carbohydrates
boside': dooy-':boz,: gIucoso an.: gcni1obiose disaccharide, and
5-oxy othylcyto'ine co'plotely roplacoz cytosino Z2-8f7. At present
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15 PaXIC'IeaJ":107- l, E of -vhi - h incl.udes5-: .tycyoie§-i7. 'W ~.e~z~upof D:Aof Baeq -Ubtilis. phgS 5c-eh
urac*l h'as tor d!1oc ~7. A- an add]itional carbohydrate corn-
po:~nt t1e S3 r ofh:g. conta.ins d-glucose, anC! in its

t ~ : i S'. . pla~ce of d- ;Lucoze d-monnosc
A. v -. zj .. & r '"ho 5a.~3 th"Io supp e~menteary ccraponoz;rta

,Lr conlrin ;,I t oiLy crne th:, ad ofL D;U * Soiw-alhat unexpectov~u:
I scovi , I. UL~ -i ,on z:l:2 ccanonent of RiiA, in tac-n Di*

of transducing - g o,-* B. subtillis FBS 2'L.1570

DosidoZ lkho a ~ .zt doviationzs, vzihmost probably arc
coneced;;ih heproca-s of invrersion of motabolis m in the ce'l,

the nucleic acids of viruzes display a number of other peculiarities*

Szy-balnski L7 avinG established the unusually hiGh thernmo-
stability of the ciiclconpox viruas,, exprossod the assumption that the
threads of the double-helical nucloe acid of this virus are bound
by covalent bonds. ?olynualeotl~de chains of DNIA of S?6 and S?8 phagos,,
obtained as a rosult of denaturing, differ in their spocific rravi",
which is connectod with tho ai~ni:icanzt prodominanco in one of the
throado oX oithuor ArIno or pyrmidino baoo ff5-l._ A-oreovor,
Strauss doiimow.-Iratod that tho 121A of 1,1 2 phago is not prooipitutod
by 1 M W60O2 1 Whio 1 1WnAA LN Procipitato@in t
salt of this concentr'ation Ij

Qrdiry.Z DIIA or IUI'., Aaoh aj io TL-on pnca ;o DIA or' polio vix'ux
lINA for oxa,.o, but ill~ savdtco to an analysia of thon@ V~.raj.
Dualelo aoidij tho bruoauz'o of Which Utt~ers notiiably frati norhaia

In 1950 Sinzheinier and Tosasmcn ZT0-9.7 whlsuyn- the
procesz of- inacti1vation of pl-agos T4 and' 'X 74 which wiore tagged with
P3 2 P dctectcod that the latter is inactivated 10 times more rapidly
than T4, . Mtations under the influence of nitrous acid in the 'fX174
phaGo developed only in pgx'e clones, and in T4 phage - in mixed clones.
Consequently the N'X174 Aage should have possessed one copy of
,Genetic materials i.e., its DNA should be singl~e-helix. The fact
that this is ac.tually DWA, and not sinGle-chain IA.. was confirmed
by the fact th-4,at purified preparationsl of ti DWA rave a positive
reaction to ciooxypaptose and wera hydrolyzed by D.NAse and not RiiAse.
On the basiz o,6'ha was said above, Sinsheimor and TessrAn proposed

thattheDXA f Y174 pk.age is sinrle-helix. Subs oquently this
proposal was conf irmed cco.pletely. The nucleotide composition of
this DN7.A did not satisfy the rule of Chargaff; this DINA reacted with
formalln, w~ajich tet~idto the presence in it of free amino groups,
whaile in or6d '_nn::y doubl c-,ad ix DNA the amino groups are blocked.
Absorption i:- u.ltrvoo lioght %-.as increased 3radually in a wlide
range of,~t~c (fron. 20 to 600), while in ordinary double -- trand
DINA thi 6rr tzi t io n lta',es place *1in a narrow temperature range. The
floatinz dons i't#,Y of DNA of" the 'IX 174 pharo, doterminod by t-ie meothod
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1.70 cqa '~ 1.72. % vhilo tivo dens ity of' ordinary DRA comprised
1.70 z/czi40s thizs, ab sorption of the solution of DIN1A inuV~ I ~ ci-nda.d on ionic atrength and PH of the solution*

Thu i:. cz-t~ztto o 1-h~j~qs2 in-1e-helix is able to change. its.L~: &Z M on vciou. Coflti of tas M,3diuwa. MAtPrsn6
zi' o.;n v1aic1, contain sn~le-chairt Di /237

y~t ~n~t~ ~cc-Qirostl .. io -l th MVA of~ k",'X74 phage rover-led
Yok 1-c .or and Sishi O:z /27 tudiad thw offectu~. ~A~z~co~. o!7 ta~ 4- ' a~nd out t*hat neither

phosploteiaca of 14. coli, nor pliophodiestoraso of vipor vonom,
nor hyezo2.yzod DY.A (in tho absenco of the above-statod
e n 3~ of MU z;e) * 'oll o z 1-n ., treatm ant with M.iAse tho preparation
acquired a zcnsIiiiy to ophodiest . 600PI,0 era-e. but such hydrolysis
never roachod t~i end. it 1follouws fron, this that the DIU of 'VJXl74
PhaGe doac not conezain Z,' and S'-hydroxyl, and also terninal phos-
nhate grou-is arid, n addi1tion to this, *uithin the DRA molecule there
iz some Zeo&nn is x'csiSzta"nt to phosphodiesterases. In pre-.
parations of D17A L from '-Xl phago two components were revealed with

sod ~ationconata.nts of 1Z,13 (3-componont) and 12,.13 (S2-corn-
rponent'., inf-ectic6on is cornectcd only with "the Simcomponent* Under

C.,1 .- _e e o DNAze - 44,
-"a 6-coinponent is~ conAvredinohSo-co ~ .6 w .1 is sostv op phodiestorases. On the bas's

oi. J.. -"s o~o-anod~ Piers and Sin~zloLner carao to tba conclusion
that.~.;ive ~A o )t1X7/_ phage repre-sents a cyclic closed structurg;

Its o.sa:, 'Joined byj some bond, the nature of which Is still not
c."ear at prezont *. This nrakcos coxmprehenzsible the Mechanism~ of action
of nucle"z3Gz on thiwo D.NA; DIIAe, which pos.'osses a non-spacific
action, disrup.ts i~io moLecule of DNA and only after this the corres-
ponding, phplodics-berass begin hydrolysis with the onds of the
miolecule and move forvard along; it until they ooze across a section
wilth a more stable bond,

Thus the nucleic acid of YX174 bacteriophage represents
sinGle-holix cyclic D;i..

l2o lossa jntero.-ti,-. 1orms of D"XA are the doublo-helix forms of
Di.A with cyclic z tructures * Thw! -.-,ore dizcovored during investiga-
tiOn of teviruses of polyoraa /297 and Shoup papillora Z-6,. 2ff

Dulboco ~s7 ~Th o -:yngt D1iA of polyomna virus, datected
t-w.o formis o_ nucaeic acid: an F-fornm wich so49-tod rapi-dly during
ultra c ntr ifu nG and tho slowly settling S-form.,

- -c f~:'z atyica]. double-ho Ilixc structures with the
charactk-.r1izt_.c ,Lntonsity of lryorulhxrmc offect, buoyant density,
and h.I.-- te.-*zratura. of metn,(aroune. 1000). Dulbocco considers
th-at thG S-formi repr,-osent.s a linoar polymowr, and the F-form - a
cyclic zitlructuro. Tho author suwrozsts t-hat the linear structL-ure
clozez into cyclic with tho help of a special "~lock," which is



;.-.:..... . on DE*:;'c*. Th F- auc. S-fo:,-.s arc infcctious,
c oi :''ctmon -AX, in f ct ous .u f n ""•.. . " .:,;L lu;; 2 '-.OA.. :~ taa-holp ol D -se,

w-'hich fss, eiec action, there ic a loss of a tious
capacity, m.. a " ofe' to 0iolcu, not throu-h th ;loci-"
but in. Zo-I ;: oto-h% V.L. V-inoIx-ad an% a soceatot .L;7 Introduced •
severo.3 suppe ... -y coreoction., in the rtructure o± DA o thepolo:ta virUs. L"'hy dc...onstrated that aftor treatment of. tl l,-com-
ponont, soiL.. ntatlon ccnti. 20S, ith D'NAso in acuaiity tho

-n.i & & .aion e o:. of 1C is -ormed, ut this
component is no linear. J."octron microscopy of both proparations
revealed only cictr ztructuroz. The authors propose that th,
F-component of th polyoma virus is a t;wisted coil made up of double-
strand threads. Such a conformatioal change naturally leads to tho
formation of a co. _ativly donsoly packed s-tructure with higher'
sedinontation characteristics. The S-co.-ponent is an ordinary circular
doublc--trand molecule without any sharp bends, naturally havinz a
lesser value of sed-montation constant due to a 'looser" structure.

The two-component state of DNA of the Shoup papilloa virus was
observed earlier by Watson p6", however, the conclusion concernling
the cyclic nature of DA -was not followed then. Acordins to the
findings of t'satson the DNA which is isolated from this virus has sod-
imontation constants of 21B and 28S. Watson's findings were confir,.ed
by Crawford £*47- Tile 28S component turned out to be cy3lc, and the
21S - linear (In the author's opinion). The circular nature of DNA
from T2 phage was also deronstratod L9_7.

Up until now we have examined viruses which have only one type
of nucleic acid: eit hor double-helix or single-helix DNA. There is
considerable interest in the report by Pfau Z0, _T7concerning the
simutaneous presenco in the smallpox vacinoe virus of doable- and
single-helix DNA. Initially Pfau reported that with the help of
phenol it was possible to isolate a proparation of DNA which made up
15% of the total amount of viral DNA and possessed properties which
wore c4aracteristic f-' single-helix DNA. Then with the help of
2-mercaptoethanol and pronase (proteolytic enzyme from cells of
Streptomyces -rissus) he was able to achieve the complete liberation
of DNA from. th viral particle. By gradient centrifuging of such
a preparation of DiA1 in CsCl it was dividod into two zones* One
zone, :hic* contained 12 of all the DNA, had a specific gravity of
1.724 -/cm° and represented ain-lc-helix DNA, which in the first
oxperi:ents the author ex:tracted with phenol. The second zone, which
zade up 85-QC,' of the material, i':.d a specific gravity of 1.706 g/cm=
and represented typical double-helix DNA. Upon heating the first type
of DNA showed a gradual increase of absorption in ultraviolet light,
and the second type posse.ssed a -poci;fic melting point of 840. The
author subjected the initial prop.ration of sallpox vaccine virus to
fraetionation with the help of contrifuging in a density gradient of
calcium tartrate. It turned out that the initial preparation contained
two typos of viral particles, in the heavier particles only double-
helix DA was found., and in the li&ter ones - double-helix and
single-helix; the lattr comprised 40%.



~o ci'o c~~c~o.c Lr~c~ ~.'- ti -so confirzaod tho prcsene
o0 :; tZ-rpoo ON-~~~. ri~o.Ca of thjM turc ot tolbo parm-

zc-Abl f Or -crbcdic a~c id and th' otheras not The ==in
iz. 02 VII'a-. loS- o-_-r~a for' pho-rimolyd acid.I.h. D:; of t-cz zt.2.. doublo-holIX arnd iz; rct ct.ol wt

* .~ ~ o::bt intotor.eiz-o afte~r proli~lnary
001t: 0~. o.Z:! v.a) su .c o, ion v::tr macap-oc thanoi.W

&-O Lrto r.7xa--r of quosti on s. is
ono'z.J Oft uC~ ofth ohr'?

cn44 of f-ao: h - : il ary capab e
ca I o an-,: e%-ct indreP'onewnt of each othor and sizrno.taneously'i

Y041O~ vaccine virus rer=-Sinzs a -xzzlo for virologists.
r",, goatcst interest, particu'ar.Ly for bioche'p'ists wias caused

bytedteinof double-halix IRJIi. in roovPrtisos L'i3 an inth
vi.~us of wound qalls of pl.at LZ:i7. Reoviruses possess a number of
poculiariticz w~hich Zi~n.~ih~cra from ordinary RLA-containinG

viuozF~irst of C-L. thair rate of mui2.tiplication is lourer; second,7
ainn of Articles vith acridino oranGe cauzos a 7ellow-groen

Alorozenae, whichii c*-aaa'a"ctc-,risti-L,*2c for DNIA; t''hirdl-y,. reproduction
of tho roovirus is inhibitjed by actinonycie:n D - an antibiotic w.hich
sppre.soos. the synthen~c. of RI'TA-.! on i.-atr.-a DITIA. The reproduction of

ordinary RN-otii~virunsas in- not inhaibited by this antibiotic,
Fourth, infection of 6oerizit ive cells by reoviruses suppressed the
usnthesis of host vi, hi'lo the synthesic of RINA and protein con-
tinues.

Based on these 'Cindinrrs, GomatosL~~ kxra otesuipio
tatrcoviru3 RM1A i., doub.le-heLix. Subsoquent experimental investi-
gaiosconfirmed th1-is azsu=:4k*ion* First of all the nucleotide comn-

-~soa of th's RN"I sati fies tho rule of Chargaff for double-helix
.. J.. ~.,thc ratio of the n~umber or purines and pyrinm.dines was

-.:. o 1. The "INA ol' reoviruzcs is rosistant to pancreatic RNAse.
A."~ z-aLrpto *on cpoctra in ultravi'olet light does not depend on value
of L oi strength,. pu3. and to.=porature of the medivza, This M'I'A doesnot- -eact with 2 ormaldohyde and has a strityseii etn on
- .6000. .6 t "a nocezzary to note tat DWA with the same percentage
conpsiton of Guanino-oyt*Woz.Ino (40-;) nits at 870. This testifies
toj A- fact t-ntthe doublo polyribonuclootide chain of this RNA is

:'c~~stable. ?raz-z~bly such a stability is explained by the
formation of a hydrogen boncL betwoen the second hy7droxyl of ribose
and the phosphate inside ono chain /-o7.

Viral PL-A from, woun~d calls of plant:- possesses properties
whlch are- si.mi'lar with tha IiIA of roovirunos

D oubl a-he36i: R.;; o till anothcr intcresting property-
an unuzually1 h-ir-h aff-Inizy'-.- for c:;dto.Duriri; oloctron micro-
scopic invoo-ti ation.. Of th110Osh~Ls coniductedl by loinzci-idt and

assoc~ata dK Goc -ortoz and ; tol:niU3 Z3g, it was not possible

b.



. LC ... ro-tor thaann. ili on :Uhe zz., .- 01,ilA :;l cu o .... "- ....-2 o o by ra r-
.....n..s .vi... a .' I,000,000. an the " t-0 Of

mole0cule O:S lun c. pn lOArdOne, o n "-'.'hio hdods"aicif'.n

used i'or t.c .o.L.i o .. - a COC .risoil of the 2ind.nis of

/.."' -t:o avtnor" ,.t.o. cc1-o tho c c.tsion that doubl-helil.: UA in a
0.6ut~o 0 2- a ~~ca~ onf~ za ion tha dou bIo -h 7. D'-,

ou a d et-allodc z-~ v~t I.a t ion 0,1C ta.oco IA t Z. ioi' olf ro o-
iruses t-hu '."'x 02 ho'Jx tur ed out to be equal to 3C.5 0,

n~u ber ol" f-a.nts . or turn 10, dizta:co boet-een bases 3.5 XL, angle
of tilt to the a:is o-' the heii; 10-13o an-alar rotation o2 base
;5 For DVA in t~- A-corigration (at 72,o relative humidity) those
values equal cor reondi ngly 28.1 1, 1,2,5 , 20 ° , and 330. For
DiIA in the B-corf iLuation (02. relativo humidity) they are 34.6 A,
10, 3.4 R, 00, and 5-00 respectively.

From the point of view of Studying the nolecular stracture of
nucleic acids there is considerable interest in the group of my.-xo-
viruses, tho most coiple::ly organized group among the RiA-containing
viruses.

.hs a model we used the parainfluenza Sendai virus. The so.Lec-
tion of this virus is explained mainly by the possiility of obtaining
high initial titers of Infectivity (of the order lOv-lO ).

urifictio. and coneontration o. virus was carried out by a
method which we described earlior 7 The R-NA obtained from sus-
pensions which were purified in such a manner produced a spectrum of
absorption which is characteristic for nucleic acids, with a rnaxiuuu
at 258 rim. in media of various ionic strength the value of absorp-
tion of Sendai vires RNA doer not depend on ionic strength. We
recall 'that absorption of DNA also does not display a dependence on
ionic strength, which is connected wilth the rigid double-helix
structure,

.+. ....... =ation of the c±Lango in RNA absorption depending on
te;iporature (:.ioltizg curve) showed that up to approximately 85-900
absorption does not change, but ti-sn it increases sharply, having a
maximuM at 102-10-1° . Meilting temperature of DNA is fixed and is
equal to app-oxinately 850 in 0.1 M 'NaCl.

The -reatot hyporc or.ic effect for RNA of Sondai virus,

obtain.eday of s o heating a solution with 2% forinalin at 1040 for
20 .£Arutcs co'.als 57.', for reovirus RNiA it is more than 50%, for
phage DWA - 50k, and for single-holix .NA it does not exceed 20r%.
Heatin2 of Sendai virus kiA up to " -00 with a subsequent rapid
coolin loads to the oplctOe restoration of absorption, while for
DNA such an effect is not observed /07.
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.'i., ofv~e~'~krc~i~ the roactA~on of' Sonc~ UiL ALA
~ .~ r Lc~tl~c()to Uic action ol' t!uepo.Fx

Rlt:A of' th.C, tobacco noicvir'uz the hyporchromie eo1'tt durring incu-

.. 4C2.,~~J LLZ viu b tws ~ i bation o"' Son-dai
W11u ~~~i or=1c~1L sho-.rod t*0he res istance of .that EFai* to the

~cti 1. 0 ~ ~ ; n t1Vn::o te.zt* *I'Phe 4-6'i~ of pr oit:ms
:~o.t ;.x' coracc ed tla the ? ia do~raciation of mlateri.a in

%t"c PrOCOZZ, 01" :so2ation. At t-ho prbzont tim tbic problem is being
cloured up,

,a. data elted above toztIfy that thI .~Ao heSna iu
a stinacture wh;ich is . similar to thbat of', D1,FA, i.e., doule-helix.

At iorent b,#e doc not have available the necessary data to judge
wthor this hoiz: eonsists of two independent polynucleotide chains

or one .hnich is twbislkcld around itsolf, as this has been established
f or T - HA.

.,, Is "Crko~m, ho majority of ribonucleic acids investigated
haea tiolctular "a-."Lia no groator than 2,000,000. Mceeptions are

conaij. -i,' ? k ts Szci~z tih. virus of vwound Gall of pJlantss
1Rouc aar%-o4nAa virus) ulhich .vavo a molecular weight Of 10,000,000.*
Prool c2 th.e double-hel.:: natk-ur of 17C, A of the Ifirst two viruses

naualypro.- und "-simila - s ti-cture also f or the RNA of the Rous
rcorXaV.rZ.* 7.o%-,vcr,, Robincon and azzooiates Z7 refuted these

prooz-s Ze -wad ien tatlion constant for RLik of tnhis viru~s turned
out to bo cct-ual to 62Z, .e doubled the S20 , 2 o ~Ao x
toboacco mosaic virua. The nuclootide co.mposition of sarcoma virus
.111A ia ~pia for sin-Ile-halixm IA. its thermal donatuzIng did not
cau-,o dlZj~.Acemorit of the zone ofRWAL in the density gradient CsCl.

.. occl~';ih czpisd96*0.UntJi now single-helix RNA with
such a hI ga m olecular wie ht has not been detected. It is necessary
to no!-tU Ua 5:':- .1-1A of the Riouz sarcoma virus trhich was studied did
not roprect a purc preparation, since tho Rous virusrmltiplies in
c '1l: only in the -pro sence of a viru3--'asaist0ant" - one of the
viruase causing ifwcvii icucoses,. and. the initial preparation of R,-'A
conassted of a mixturo of both viruses. At present it is difficult
to say i'6 IVhe hihmolecular weight of Iti'A is connected with this

peou1~tyof =aibiplicat ion of' R14A or if some other properties
detcsrmine this anozxal of R-Nil

.Thero "a no doubot th1-at the z-absequent detailed study of the
structure olf nucleic acids of viruses will =k-0 it possible to reveal
many noa 101.din-s in this area.

n tc prcs i eco~~n favrstwo stages are clearly
distinuuizhed: the1. virus outzido of tho cc!! and the virus in the cell.
lt could hsardJly be ass unsd that it ,*.as p~ossible to rovoal any differ-
oncos in the structoure of nucle.-c ac.*d3 of the veGetativo and
quiescent virus.

7.



1~f ~.o £irzt rcvc.2.od in t ho 31LM. ; pli'* tiuf IOf,,

~~oi::c~c~ ~or. .L t.. - ocont v-..'z S4 shoiner iaoia-.ix4 D*11A
±'ro:,% o~. "i-. i L ...A X.i n ingo.1cciU call an%! ub~U.;UCt,_d
both1 prz-Oa ra-iOnz to ecuilli~u~ cetriUG :1nG in a COCI dofzity ;rad-
iont * It tir ou~t that tb valuo of floatin-, density of D1-A fom

-'Zhai-n iX:'A of thae vagotatiAve viru:3 r zc d -

* and Zjr.4I o' inthec cozak-osition of. now).y :o rz.d
Particles, tarncd o,.t to be "o.vkj" Both fzor were Infect-ouz.

%The 1.,IzraI. L~t'c'ua- D',,;'; rc~covod3 h name of the rep' -*cat" on
f orm.

£iA3~.an. ~zotc 7 iaolatcd and purif -oo. .th0izi r-
cation form by 0,.. off repeated cliromatoGra-Dir on. colura-is with
Meth%6 atod album nn Thiz forma dispLayed a i.etin'curve .-ic,~az
typical Ifor double-helix-c DY.A. During; hot4nC the same hyparcrozx* a

effect was obzarved as in the cQ3e of usinG ordinary DNA.. and the
"hoavy' pharge MIA convwerted into Ithe ljgjct't Fl.oatn d'-n aityo
t'ho replicatio".n 10or turned out to bo equal to 1.707 gcm ,o whichi is
characteristic J£'o the double-helix structure. Sizin maer con.f.Iriaed
that, zthis1 w"as in actuality double-holix DNA, and not a DNA -R14A

hybr~d: by ":he L act that this form is hydro.lyzed by DlMae and tI~t
dopoly-icra.-. does not act on hybrid forms * Then it was siown that
the replicati-on form possesscs a cyclic structure; thia wras confirmed
by direct aleetron-raicroac opic i±vo s ti~at ion ~i J

'i223st-udyinrr the xaltl- .ca-tAon of "P2 pha-o, Fraonkel[7
detocted t.t viral. DI.I., isolated from infocted colls, differs from.
ordinary Dl.;A fromi~ =ature virus parlticLles. if one were to* judGe
from the results of enatrifu.-inc in a donsity gradient.' then both
forms have a double-helix. structure. But the replication form diZ-plays a grealter affinity loor an exchan-er; in a density gradient of
saach~rose it is precipitated .2-.5timos =ore rapidly. The
author doea not =41:o any .conc'lucions reGarding theso peculiarities.

Irntore.t iin- d .ta -iaro obt'ained by iKozinskci during a study of
replication I.A of 'T phge /Z -7, In particular he demonstrated
that during =uJGi.. I ti~on pna_,e DZ1A forms a specific complex with
the p*.otoin wihexic-ted in the coil prior to infeeti~n, In 5-6
mi'nutez afte. infec'Zion the MiA in this comnplex displays many new
propor-ties: it is cizcular, haz somewat groater dimensions, and
poisibl1y is par".iallly denatured.

i-ally thae -eplication formsw of RNI-ontaining viruses.
,.Ionia ;nior and Saniia:z A-77, %w.hilo studyiwn; tho multipolication of
the viruas of-' C- nadtZcopha Ioryoca-is in a culture of Krebz-2 cells,
demonstrated tnat t--- raain masof vil R"-l haz a sodinmontation
constant of 37 and tahe s tructuw-ro of a _-*n.-A polynuclootide chain.
Howevc.r, there *.*as a anim.2. fracetlon o'6'u.. the amount of wziich
reaehoL a =. Xin"-, b- 63 hours uaf4ter infectiLon vwitfix a sodiimont'ation

8.



...; ~0~ ... ' %~~vh~.~ '2'3F turn. c! out 't v.i~o

-Ato Ot. . * cli a o. erozix of' ionic streng~th

.i.o~az ~ o oouc.±t 5 7 1 0 ,iotrip "Je the
S0 roT ViU

-'- o c~' a, -- d -- he rep*' cation ' wn.; o.

T2.o r-o accur'te '-*.di-nr- corioer-Lnr- oh P'ope" ties and mo-hoC.3
oJ. L.riz ;- -~ wlc~~o .6r~i ol a.ce- aoidz for RiN-ontaining

viru~t ---c wa-- o I)t Irnod by ~ec~.~and -acoeiatos Zb0-5!7. 'During a
Z tudy of tI-Ie zut inl2icat ion of' tho 1K.".-containing 14i2 L-phase, which
waa lab.cod v;i-*th Pz;2 AIthe dons ;ited that in 6 minutes after in-

ffeain ari inAti-or e-.ierZos which is resistant tvo Ru'Use:* the con-
tont of tCifraction =reacho s a =inax.u by the 15t-h minute, Vben 1W.4

0- '-u 0 r recziztarat to tho ction of RzAo, then tho amount
olf fh~ ~raction docrc..o Diu not inS te-mperature o,46 i rpic.
twi4Lon £cr; iz 02 0 in 0 *15 Al 14a~l -and 0*01.5 Ui citz'zee After heating

up~ ~ to, -xocc e no-ature anid a zubzocquanA rapid coolins
sosiiitrto 'Azo a 4oare d. o floatin.-; density" of t6he roplica-

tion for:,- fin Csz. O ius 0.*02 uni.t~ os o th1-an for RUiiA of the ;.-S2 phage.
Aftor 'Uhcx':.al -,_.azu.'n,. with annoaling in the presence of' pbhae ML&A
a product, was foead w.Uh~ii. pozzossod the propertios of the replica-

Sa.iinto c:;vo-imnrs in vivotothe authors niade attempts
to obtin a i ila rej)1iU;tio-n form in vitro., ?reliminarily it is
fleco:izary to note 'that 4..roni coli which wvere ifected with RiA-con-

t~~Vi;Uz;Q; it ... s pOzz.-Lbl0 to i&'-o.L at tho enzyrno 1MA-s~ythetase,
wvhich cc'nicz o-:. U sntheziz of' EIA on zratrix RNA, The emerence
off :uc' ct:; w.~zrar.~a d.nnstrated in the callso of mammls 08, 4go'
anid ~ ~ ~

;~c.-. rv~2.d 1,11~ -s~nthetazoe, vich is present only in
~nffcc~cL; olo!s J~ oblatorily ascoci-atod witia the replication form

--f .c - . e * . 6 .JO 0

o.-,'* Cs5sto.=z in vilkoro earrios- out theo synthe5s of. b~oth
dc-u .L;; "'P 1i7-thraI 1FIA froz: nuole otido triphosphates

w7t thc .dd it-cn off an c.-o,-'ornouZ ~rb 7. V4lissman L 1_7
~ ~ i~a vi2vo this jnrocezz,..z, the above-inentioneci syn-

the.aaCZ. 'A.Zar arin . o oonvcr.;.o:; of parent MNA into the
re P...io: "o.*0-L L P*rin-=ary Thc roali~z.tion off this priaryphs

tc~~a .Lco :it to- -oi -' anozin u naturo of which has still
not bc.; cl ar A-L ad

T~o cloar u ;:cthc or no'% both chains of' the replication form

-a-
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unction of dnuzctiocn o " '  - - on . one, and po :,..-. two,

conoroite r*cubhelix re l:-.,,:io: t2.,.C-)onc, ' ." t...... Wil l,.. :L .,neis of daut ato- ;--oloculos

. ........ (sm-n"o-tric natui*c- of synthesiz), * owly formed (+)
cht.c prl:.nt m.o...u. e fro:n the relIc ation £oxna (seii-

.oeu..i) T ?he question o hOv (-) c, ains are synthesized

and " L:" ; -o.... ,-- ........

Sa: ... 2z o f " abovo-listed peculiarities In the ztruct-ure
of nuce LLxdi o', -ohqise' n otative viruses a w Gh. &ven

stage coes no' ma':ce it possibi to draw specific conclusions concern-
ing the .ia nificanfce of t e o culiariti.JC3 in individual stages of
vii-as multiplication. Purther mventigatins are nocessare for
cloarins u_ the si-nificance of anomalies in the structure of viral
nucleic aoids in the process of Intoraction of the virus with the cell
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